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114.7 (C-4), 63.2 (C-7); UPLC Method 1, T R = 3.85 min; HRMS (ESI-) calcd. for C 7 
S3.
General procedure 1. The reaction was performed in analogy to the preparation of S1
and under exclusion of light. 1 (3-Bromo-4-nitrophenyl)methanol (1.20 g, 5.17 mmol, 1.00 eq.), phenol (584 mg, 6.20 mmol, 1.20 eq.) and triphenylphosphine (1.63 g, 6.20 mmol,
1.20 eq.) were dissolved in dry THF and cooled to 0°C. Diisopropyl azodicarboxylate (1.52 ml, 7.76 mmol, 1.50 eq.) was added dropwise over 15 min. After completed addition the reaction was allowed to warm to room temperature and stirring continued overnight.
For work up volatiles were removed under reduced pressure and the remaining residue subjected to column chromatography (cyclohexane /ethyl acetate 20:1). S3 was isolated as a pale yellow solid (542 mg, 9, C-10 and C-11 were assigned in analogy to compound 1b) 147.0 (C-1), 143. 395.9300, found: 395.9304.
S6.
The synthesis followed the protocol described for S3 (General procedure 1) starting with (3-bromo-4-nitrophenyl)methanol (541 mg, 2.33 mmol, 1.00 eq.) and 3,5-bis(trifluoromethyl)phenol (643 mg, 2.80 mmol, 1.20 eq). S6 was isolated as a pale yellow solid (592 mg, 1.33 mmol, 57 %). 
S7.
General procedure 2. The synthesis followed the procedure reported for the preparation of S1, but employed a twofold loading of catalyst. 1 The reaction flask was wrapped in aluminium foil to exclude light before 4-bromo-2-nitro-1-(phenoxymethyl)benzene (400 mg, 1.30 mmol, 1.00 eq.) was dissolved in triethylamine (15 ml). The solution was degassed by bubbling with nitrogen for 20 min before CuI (5.0 mg, 2 mol% and tetrakis-(triphenylphosphine)palladium (15 mg, 1 mol%) were added and the reaction mixture degassed for another 10 min. Trimethylsilylacetylene (277 µl, 2.00 mmol, 1.54 eq.) was added and the reaction stirred under reflux overnight. After filtration through Celite, tert-butyl methyl ether (100 ml) was added and the solution was washed with water (2 × 100 ml) and brine (100 ml). Volatiles were removed under reduced pressure and the residue purified by column chromatography (cyclohexane / ethyl acetate 40 : 1). S7 was isolated as a slightly yellow solid which contained 32 wt% starting material S3 (253 mg, 0.53 mmol, 41 % corrected yield).
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S5
After the sample was agitated on the shaker for 1.5 h the liquid phase was removed by filtration and the resin washed with CH 2 Cl 2 (ca. 4 ml) and DMF (ca. 4 ml). Our derivation of the UV photo depletion and fragment yield, equation (1) in the main text, follows [3] .
We assume a sequential 2-photon absorption, as illustrated in Figure S1 , which can be generalized to the case of N photons: The populations of all levels change in dependence of the laser fluence . The depletion of the intact molecular mass peak M is given by the ultraviolet photo-depletion probability At an average laser power of 200 mW in a circular beam of 2 mm diameter, delivered in 10 ns pulses at a repetition rate of 250 Hz, we see again bond-selective photocleavage. The delay between the laser pulse and the mass spectrometer extraction voltage (ion pusher) was set to maximize the detection of the high mass fragment to assess the total depletion rate. In both cases, the dominant fragments appear at m/z=(M-230) u/e and (M-246) u/e, with M the mass of the parent peak. The fragment at (M-230) u/e can be assigned to homolytic cleavage and proton transfer to the LG. The UVPD mass spectrum of peptide 3a still shows a small signal for the leaving group a, which is absent in the spectrum of the longer peptide 4a.
S14
Temperature dependence of the UVPD curves of hexapeptide 2a
We have studied the UVPD curves for the hexapeptide 2a at 300 K and 60 K ( Figure S3 ) to explore the influence of the molecular heat capacity. The depletion curves exhibit a clear multiphoton behaviour at both temperatures and the best fit is obtained for a sequential absorption of 2 photons (with 1). In this model we use the same absorption cross section as for the tripeptide 1a.
Figure S3: Temperature dependence of the UV photodepletion curves for the hexapeptide 2a at 300 K (left) and 60 K (right). Points and error bars represent experimental values. Lines are fits assuming a multiphoton process and the same absorption cross section as for the tripeptide 1a. The best fit parameters are found for a pure 2 sequential photons absorption (γ = 1).
S15
UVPD mass spectra of tripeptides 1b, 1c, 1d To unambiguously establish that all observed fragments are caused by the incident laser radiation,
we have recorded the UVPD mass spectra of three differently tagged tripeptides 1b, 1c, 1d (see Figure   3b ) and compared them with their mass spectra in the absence of any laser light (see Figure S4 , right column). Figure S6 ).
The thermal nature of the selective bond cleavage can be explored by studying the collision-induced dissociation (CID) mass spectra of the peptides 1a, 2a, 3a and 4a. They were recorded at room temperature (300 K), with neutral argon atoms as the collision gas. The gas pressure is estimated to be 10 -4 mbar. The spectra were recorded at kinetic energies between 33 and 73 eV (see Figure 2 of the main text), to achieve that each peptide parent peak is depleted by 90%. We find identical fragments, namely only the leaving group a in the CID and UVPD spectra of peptides 1a and 2a. Additional fragments arise in the CID spectra of the peptides 3a and 4a. They are attributed to backbone fragments whose probability increases with peptide length. Peptide 4a has a smaller fragment yield. The scaled signal thus shows increased background noise. Figure S6 shows that the depletion of the parent peptide by CID requires a kinetic energy which increases linearly with peptide length. calculated several tens of picoseconds using a small basis set for a scan of the potential energy surface (PES). Starting peptide conformations are manually generated and dynamics are run at 300 K in 1 fs time steps using a stochastic velocity rescaling thermostat [7] to control the temperature with a relaxation time of 0.1 ps. The small basis set size can be justified since binding-and torsion angles, which are the relevant S18 geometric parameters for our scan, are generally less sensitive to basis set sizes than bond lengths, and because the peptides are further locally optimized at a higher level of theory.
S17
DFT: Structural candidates extracted from the AIMD trajectories are further geometry optimized using the Gaussian09 program package [8] at the PBE0/Def2TZVP level of theory [5, 9] . Harmonic frequencies are calculated for the lowest energy conformations to ensure true minima on the PES. Conformations that converge to transition states are distorted along their imaginary modes and re-optimized. In case they do not converge to minima, they are excluded from further investigations. The computed harmonic frequencies are further used to estimate mean thermal energies derived by the frequency model [10] using known beam temperatures of 60 K and 300 K in the buffer gas from the knowledge of all 3N-6 harmonic modes:
BDE:
The tripeptide anions, here named as complex AB -, are locally relaxed (AB -eq ) and then split heterolytically to evaluate the energies of the fragments A (a neutral zwitterion) and B -(the negatively charged leaving group) from single-point calculations using the geometries of the fragments within the complex: BDE = E(A) + E(B -) -E(AB -eq ). Heterolytic bond dissociation energies are generally higher than typical homolytic values due to the additional coulomb attraction between fragments of opposite charge [11] . Adiabatic bond dissociation energies: Here, the fragments A and B -were further relaxed to the next local minimum found in geometry optimization using tight convergence criteria in Gaussian09: BDE = (A eq ) + E(B -eq )-E(AB -eq ). The difference between BDE and adiabatic BDE may be considered as a maximum reorganization energy while the adiabatic values are representative for the strength of the interaction of the monomers A and B -forming the complex AB -.
VDE:
Vertical electron detachment energies are calculated from the energies of the optimized tripeptide anions AB -eq and single-point energies after detachment of one electron within the geometries of the anions: VDE = E(AB) -E(AB -eq ). Adiabatic detachment energies (ADE) for the tripeptide anions can be calculated by further relaxing the neutralized complexes: ADE = E(AB eq ) -E(AB -eq ). However, any attempt to calculate the ADE leads to decarboxylation of the neutralized tripeptides and therefore E(AB eq ) could not be evaluated. In order to study the electron detachment process in more detail, Mulliken orbital population analysis was performed to estimate partial charges. Here, the smaller Def2SVP basis set was used to counter a common problem of predicting unphysical charges when using diffuse basis functions.
Single-point calculations using the Def2SVP basis set for geometries optimized with the larger basis set Def2TZVP were performed for the deprotonated tripeptides AB -and their respective neutral products AB within the geometry of the anion AB -. Then partial charges were evaluated and the change in partial S19 charge between these two geometries was studied showing that the biggest change in partial charge by vertical electron detachment is found for the COO -group in the complex AB -.
Additionally, basis set superposition errors (BSSE) were estimated by computing counterpoise corrections [12] , which tend to slightly reduce the calculated BDE (-0.1 eV). The influence of dispersion effects has also been tested using Grimmes D3 correction [13] leading to an increase in BDE (+0.1 eV) thereby counteracting the effect of BSSE corrections. Additional calculations using the CAM-B3LYP functional [14] provided slightly higher VDE (+0.2 eV) and significantly higher BDE (+1.0 eV). Binding energies for the homolytic dissociation case i.e. the proton transfer pathway were not calculated although they would be very interesting values to know for comparison purposes. However, due to the yet unknown mechanism of the proton transfer route BDE could not be evaluated. 
S21
Solution phase cleavage of 1a and p-1a 1a (3 mg, 4 mol) or p-1a, respectively were dissolved in DMSO-d 6 (0.5 mL), placed in a standard 3.5 mL quartz cuvette and irradiated overnight in a TLC viewing chamber at 254 nm by positioning the cuvette directly in front of the lamp unit. NMR spectra of the samples were recorded before and after irradiation ( Figure S8 ). 
